Could Bispectral Index (BIS) monitoring during anaesthesia improve the recovery characteristics of patients? Previous studies have shown conflicting results. To eliminate bias, a control group of 75 cases anaesthetized by the authors was compared to a reference group of 141 cases anaesthetized by other anaesthetists. A study group of 71 cases was then anaesthetized by the authors titrating to BIS 40-50 and this was compared with the control group.
The Bispectral Index (BIS) monitor uses a processed electroencephalogram to monitor unconsciousness in anaesthetized patients. Its utility in predicting absence of consciousness for a variety of anaesthetic agents has been well studied 1 . Use of the monitor has been shown to allow more accurate titration and more economic utilization of anaesthetic agents 2 , to reduce time to wakefulness and extubation 3, 4 and to promote faster theatre turnaround 5 .
Could use of the BIS monitor during anaesthesia improve PACU recovery characteristics?
Parameters of recovery in Post Anaesthesia Care Units (PACU) in BIS monitored cases have been studied only superficially and the results have been inconsistent. In a study of 60 women undergoing laparoscopic sterilization 3 , there was no difference shown in duration of PACU stay or "home readiness" time between the BIS titrated group and controls. No formal evaluation of quality of recovery was made. In a multicentre study, Gan et al 4 found significant improvements in orientation on arrival in PACU, and time to discharge eligibility, but the quality of PACU recovery was only assessed using a five-point global assessment score. A similar improvement in recovery using this method of scoring was found by Sebel et al 6 .
A more detailed recovery study was performed by Cooper and Epstein 7 . They found no significant difference between BIS monitored cases and controls where patients were assessed using the Aldrete Score which considers the recovery parameters of oxygenation, consciousness, activity, blood pressure stability, and respiratory adequacy. However the data was obtained from retrospective analysis of anaesthetic records and only 117 cases were considered.
Our aim was to perform a prospective study to compare the recovery characteristics of BIS monitored cases with controls using a Modified Aldrete Score (Table 1 ) in a larger group.
METHODS
Our hospital's Ethics Committee approved the study protocol and all patients gave written and informed consent before inclusion. The study was undertaken in a large general hospital and included a wide range of adult inpatient procedures with anaesthesia time of 30 minutes or more. Patients with expected anaesthesia times of less than 30 minutes were excluded. It was considered that for very short cases, there would be insufficient time to utilize the potential of the BIS monitor to titrate anaesthesia. Other exclusions were: patients with any form of intracranial procedure or ophthalmic procedures (because the electrodes would intrude into the sterile field), where regional anaesthesia alone was administered, emergency cases (informed consent could not be reliably obtained) and in patients who were intellectually compromised or deaf. Also excluded were patients expected to require intensive care admission postoperatively.
Consecutive patients entered on the operating list, whose procedures were expected to last 30 minutes or more, and who did not meet exclusion criteria, were invited to participate. Selection in this manner leads to the possibility of an uneven distribution of cases with variations in anaesthetic techniques which could influence recovery. Analysis of the results was performed using both (1) all cases in the trial and (2) after exclusion of case types for which it was considered that the distribution was uneven enough to raise the possibility of an influence on the result. Three groups were studied: a control group, a BIS monitored group anaesthetized by two of the authors and a reference group anaesthetized by eight staff specialists from the department. Because the investigators could not be blinded to the treatment there was a potential for bias. Hence, the reference group was compared with the control group to identify any bias in technique.
ANAESTHETIC TECHNIQUE
The reference and control groups received the general anaesthetic which the anaesthetist would normally use for that procedure.
The BIS monitored group was anaesthetized by two of the authors using the same techniques as in their control group, but modified to maintain a BIS level between 40 and 50 during the surgical procedure. All patients were monitored with an Aspect A-1050 Bispectral Index Monitor using standard Bissensor electrodes supplied by the device manufacturer (Aspect Medical Systems, Natick MA, U.S.A.).
The hospital does not have specific protocols for determination of readiness for transfer to PACU. However, individual anaesthetists apply consistent criteria for transfer to PACU. The result of that is that transfer to PACU might be slightly variable between anaesthetists but would be independent of patient monitoring. PACU nurses assessed all cases according to the study protocol. They were blinded as to whether patients had received BIS monitoring. PACU data was recorded using a Modified Aldrete score. Numeric assessments range from 0 to 2 for each variable, the higher the number the fitter the patient is for discharge ( Table 1) .
Scoring was begun by the PACU registered nurse allocated to the individual patient upon arrival in the recovery room (or as soon as possible thereafter) and at 15 minute intervals until the patient was discharged.
Data was analysed using a general linear model with repeated measures using SPSS. This is an appropriate tool for dealing with regression modelling where data contains both continuous and categorical variables as well as repeated measurements on the same subjects. One limitation of this type of analysis is that individual cases must have measurements for each 15 minute observation to be included in the analysis. Because the majority of parameters were approaching their pre-anaesthetic values after 45 minutes in PACU, the analysis was performed studying data out to 45 minutes. Patients with recovery times shorter than this would not be included in the analysis, since they had no 45-minute data. ANOVA was used to test for a difference in scores on arrival at the PACU. A Chi squared test was performed to determine whether there was a greater proportion of any group that was discharged from PACU in less than 45 minutes.
Duration of operation, surgical specialty, age, gender and doctor were treated as possible covariants and differences were tested for on the basis of these variables. These factors were included in the analysis and corrected for in the model where their contribution was significant. The recovery characteristics of the control cases and those of the reference cases were compared using a general linear model to determine whether the control group was biased.
RESULTS
A total of 341 patients were enrolled in the study. The reference group comprised 141 cases, which were undertaken by staff specialists and not BIS monitored. Of the 200 cases initially enrolled in the BIS monitored and control groups, only 186 had procedures actually lasting longer than 30 minutes. Data on arrival at PACU were analysed for these 186 cases. Of these, 93 remained in recovery for one hour (42 monitored and 51 non-monitored). Forty of these patients were discharged before 45 minutes. This left 146 patients (75 controls and 71 monitored patients) with four fully documented stages of recovery assessment (45 minutes or longer) and analysis across time was undertaken for them.
There was no significant difference between the proportion of each group that was excluded because recovery time was less than 30 minutes. (23.5% of BIS monitored patients left before 30 minutes, 15.5% of controls left before 30 minutes; P=0.20)
A variety of surgical procedures were involved as shown in Table 2 . There were no significant differences in the types of surgery in each group (P=0.72). Differences between groups in age, duration of surgery, and gender were not statistically significant ( Table 3) .
Duration of operation, surgical specialty, age, gender and doctor were treated as possible covariants and differences were tested for on the basis of these variables. Gender, age, doctor and surgical specialty were found not to be independent predictors for any of the five measurement parameters and were omitted from the final model. Duration of the procedure was found to be an independent predictor and this was corrected for in the model.
The control group parameters were compared to those of the reference group using ANOVA. There was no significant difference in Modified Aldrete scores between the groups (P<0.05 for each) ( Table  4 ). It was assumed that since the control group parameters did not differ from the reference group, the control group was unbiased, and that it would be valid to compare the BIS monitored group cases with the control group.
On arrival in PACU, activity, respiration, and consciousness scores were higher for the monitored group (P=0.005, 0.008, 0.015 respectively). The blood pressure score almost attained significance (P=0.07). The differences in respiratory score and blood pressure were maintained across 45 minutes and this difference was statistically significant for both (P=0.016, 0.023 respectively). Although activity and consciousness scores were higher in the BIS monitored group on arrival), this was not maintained for the full 45 minutes. There was no significant difference in mean oxygen saturation scores.
The differences are illustrated by plots of marginal means (at the mean values for each of the four variables below (Figures 1 to 5 ). From Table 2 it is seen that the numbers of thoracic, eye and vascular cases are not equivalent in the control and monitored groups. The analysis was repeated after excluding these cases. Arrival scores for activity, respiration, and consciousness remained higher by the same amount for the monitored group (P=0.006, <0.046, 0.028 respectively) and the arrival score for blood pressure was higher for the monitored group (P=0.038). The differences in respiratory score and blood pressure again persisted for 45 minutes and this difference remained statistically significant for both (P=0.015, 0.019 respectively).
DISCUSSION
On arrival in PACU, BIS monitored patients had better ventilatory function, were more awake, more active, and had blood pressure closer to preoperative levels. BIS monitored patients continued to show significantly better results during the first 45 minutes for respiration and blood pressure. The difference for oxygen saturation was not statistically significant; however, there was a trend suggestive of a similar effect to that observed with activity and consciousness. This result is unsurprising as oxygen saturation is continuously monitored in the operating theatre and PACU and any desaturation promptly treated. Previous work has shown a reduction in usage of hypnotic agents in BIS monitored cases 2 . This may explain the reduced respiratory and cardiovascular depression on arrival in PACU and the continued difference in blood pressure and respiration scores.
Previous authors have maintained anaesthesia at higher BIS values than ours. Glass 2 and Sebel 6 used BIS levels up to 60 until the last 15 minutes of the case when the BIS level was elevated to 75, while Cooper 7 used values of 50 to 60 during the case and 60 to 70 for the last 15 minutes of the case. In our study, BIS levels of 40-50 were chosen to minimize the risk of consciousness. Glass 8 showed that the probability of consciousness, as determined by the observer's assessment of alertness/sedation score, for isoflurane anaesthesia at BIS 71 is 50% and at BIS 50 is 5%. Although there is some variability between agents, the authors believed it was prudent to maintain BIS values of less than 50 throughout the case. In spite of the deeper levels of anaesthesia used in this study compared to others, we still found significant improvement in recovery characteristics after BIS monitoring.
In a study where it is not possible for the investigators to be blinded to the treatment, there is a risk of bias. In this study, because the authors undertook both the BIS monitored and control cases, there was a risk of bias in the anaesthetic management of their control group. If different anaesthetists undertook each group, it would be possible that the techniques and recovery statistics of the two groups were not comparable. The authors attempted to solve this problem by comparing their control group characteristics with those of other specialists in the study (the reference group). The anaesthetists of the reference group were aware that they were involved in a study but were unaware of its objective. As there was no difference between the groups, it was assumed that there was no bias in the control group and it was valid to compare it with the BIS monitored group.
Postoperative pain is one parameter which might be influenced by the level of anaesthetic agents used. However it was not possible to compare differences in postoperative pain levels, as the hospital's pain management protocol is very pro-active.
It is recognised that increased awareness is a concern of lighter levels of anaesthesia. (This would not be of concern in monitored patients where anaesthetic depth was actually increased). While the study was not intended to demonstrate any changes in intraoperative awareness and had inadequate power to detect any such difference, all patients are routinely followed up in the ward or by postoperative telephone call, and none was reported.
It is recognised that there needs to be equivalence in techniques and drug usage in the different groups. Selecting consecutive cases makes it difficult to control for casemix which could lead to differences in anaesthetic technique which could influence recovery. Thoracic, vascular and eye cases were not consistently distributed between the study and control groups and, even though the numbers of these were relatively small, it was felt desirable to repeat the analysis after excluding these cases. The only substantial effect observed was that the blood pressure arrival scores were significantly different with the monitored group having pressures slightly closer to their preanaesthetic values.
Previous studies have shown inconsistent recovery characteristics in BIS monitored cases. Song 2 and Gan 3 showed significant reduction in time to extubation and wakefulness, but did not analyse recovery in detail.
In a study of 60 cases undergoing laparoscopic sterilization 2 , there was no difference in duration of PACU stay or home readiness time between the BIS titrated group and controls. No formal evaluation of quality of recovery was made. In a multicentre study, Gan 3 found significant improvements in orientation on arrival in PACU and time to discharge eligibility, but the quality of PACU recovery was only assessed using a five-point global assessment score. Sebel 5 found a similar improvement in recovery using this method of scoring. The assessment score however, considered only sedation; a score of 1 was fully oriented on arrival, a score of 5 was extended recovery delay.
Cooper and Epstein 6 performed a study using the Aldrete score on general surgical cases having inhalation anaesthesia. Although it found earlier extubation readiness in the BIS monitored group, there was no difference in pain score or Aldrete score on admission to PACU. It was however a retrospective study with data on the control group obtained from the anaesthetic record, and only considered the initial Aldrete score on admission to PACU. No ongoing evaluation was performed in PACU. Whilst one would intuitively expect that these results would imply an improvement in patient safety, we did not examine this area in this study.
We have shown improved recovery characteristics on admission to PACU in BIS monitored cases, some of which persist for 45 minutes. This could potentially lead to fewer and less costly interventions related to airway and cardiovascular support. While this should reduce PACU nurse workload, drug and equipment requirements, can this be translated into earlier discharge and cost savings?
There are numerous factors contributing to staffing requirements and duration of recovery room stay apart from the condition of the patient. The number of nursing staff in the unit depends not only upon patient requirements but also upon hospital rules and the nature of their employment (casual or permanent). For example, permanent nurses may remain in the unit until the end of a shift, regardless of number of patients. Also, there are many non-anaesthetic reasons for interventions and prolonged stay in the recovery room area such as post-surgical bleeding, requirement for X-rays, or logistical problems such as unavailability of porters to transfer patients out of the unit.
We believe that it is advantageous for the patients to arrive in PACU with a higher Modified Aldrete score. This may lead to a safer and shorter PACU stay, reduced PACU interventions (with reduced associated costs) and perhaps, in the larger units, reduced nurse-staffing requirements. However, while better recovery characteristics in BIS monitored cases would facilitate cost savings in PACU, realisation of potential savings is not assured 9 .
This study shows that intraoperative BIS monitoring can lead to improvement in the mean Aldrete scores in recovering patients with potential implications in safety, costs and staffing. A further investigation is required to determine if these potential savings could be realised.
